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OS hv>'\^:^^(0^^n^Mm^tL.X. 

So 

[000 1] 
[0 00 2] 

[0 00 3] ^:ix\ z<D-^-x^A^h^mi^^9i^^W: 

ant. G. Sabnisl^. ai/U3c;^T'l' ^ii/^ hnn^ 

-r^f ^Jra;^ h^i5"?--¥— l^'t'^V;?^ Vol. 22 
(VLSI ELECTRONICS M I CROSTRUCTURE SCIENCE Vol.2 

2) J ^m\''^xuT\zm.mir^o 
[0 0 0 4] z<ov^^mm\zx^t. Lsirop^ash^ 
^m%m.m=f-\^i.^xi'm^=f-\mii\\^^ 

o s L s I T'tt. i^-v?;{iSji:^i^g|iii]gg(?5y- vrntm 
---m'a^^xvyi^'^y^^'Dmmmmx.tz.'p^- vm 

X'(±fS^^^i£ria(t-CV^5o o^f). ^l^gBiffi^-i: VDD 
Fb^. ^fct/^l-SPSS^^ t G N D ir— K 8 



2 

[0 0 0 5] *fci. Els© (b) Jc:^^-i-J;5l-s f—V 

10 #l!^^'f:^-K8 3. 8 4;iSfflV^P>n5„ hSlJfflHl! 
^'■-r K 8 3 . 8 4 tt, MO Shy V v';^ ^ Uffl 

ftiJtSffly- hS-^-SrNMOSSS 4ttGND--. P 
MOSS8 3llVDD^S^igcLTI/>5o W^-lSiro^^tttt 

iBo^^-f:^— KJ; 9 t.'(g;v^l;ffi (BVds) x-rfx^-i^ 
td, NMOSa8 4T-(4. y-;=^iffi^SrGND'^1g^L 

[0 0 0 61 -ii. L s I (Digjt-ft;, iS«a^t:fcf±. 'J^* 

^*^8 3. 8 4f4, ^^-f^^t>MOS^fagT*^J^). 
*T-(Dy- S^-fkMt-f— v';jSfPJB^tb-C 

[0 0 0 71 ±fEFm^Srlf^i-5:^i£i UT. Y.Fong 
and C.Hu * r^^'^— ^— :n;^-7^— hy^'v? 

V (Internal ESD Transients in Input Protection Cir 
cuits lEEE/IRPS 1989) J JxTV^S i 5 l-x 

ffli^?>JxTV^5o 0 9 0 (a) ^;l^i-<t5^-^ mixELfc 

(Field Plate Diode, F P D) 9 1 . 9 
2 hXfi^'^y K9 3 t ©Wfc^ ^ — K hy Vv^^^i? 
40 (Thick Field Device, TFD) 9 0 Sr^A-fSo tU;^ 

h7:/-^';^^5'tc:?s)-L.-Cf±. I2l9co (b) }:i*i-J; 5 i-P 
MOSSgei:, NMOSS9 7 i:0 2ooai;^ hyV 
v';^ ^ t m;'^^^ K 9 8 t (Dm^z^A —/V Vhy i^'y^^ 
^ (TFD) 9 5$:#A-t-5, 
[0 0 0 8] ^^(oy Vyy^J^:^^^^ 
ffi«5tSrlIll 0tc.T^-f-„ rcD ^7>'vf;^^5'(4^^^^B6^ 
^t;M4ldJ:i9 5)-fiS$nfcPS^-f-SN^ t(tt5c«^^3 i^ 

50 S:t3t3 5*iJ1ftfflco^f±3 ^•^^^c:^ig$^^T^^^, N 
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3 

* ffiifcS^*iE3 ifiNMOS h7Vv^;^^?«y— 
MOS ^7>'v?:?ii5'^SJ^^$t^5o tSifeSffl^3 1 

mmmitm. 9 f±N^- s D^jg. 1 1 \-i.T^mf^mu 

[0 0 0 9] v^'t-^l-t-S 

^saa*^-o^^x. BIS, mi o*#R?,LxsiBji-5o 

m 9 tC^-rA;^;/-^ K 9 3 , -yYQB \z.m7L 

v>Sra^;eis-r r t };i i !? jS>c^©«S*^^ttl;^ N 7 v*;:^ 

t;^j:?)<D-e, V f £A±(^^<'f T;^liMb-CttP [^^i/v 
[oolol iSoT, :iwt<e*cD7'f— /^K h^vv^;^ 

[0011] 

A^* S: iS S Cl ^aSifi^S t 'fe 5 c 
[0 0 12] .Ld^b, L S I (D^mitcotcMzi-i, 

- .•N§a(D:^^!|^5rPe'^>'Hc-r::^>'}$Ai-Sr irlcj;.-, 
,- 1) . 7. ^' -/V K h 7 v';^ Ji^^SB© P e'^/KO^S^ 

^ ^ vaAcOft-*j5I Ltd J; S lgS*J^coM5t/< y 5/ 

[0 0 13] ^fc, 0. 2 5 M;m7°D-|r<^tir^^^^tt. 



(3) 

4 

(ST I) St#;iSffli^bH5„ v--yD- M/i^5^(cJ;S 
[0 0 1 4] t^oT, LSI (om^\K »'fb:{-#v\ 

ttfoT> ESD (Electrostatic Discharge) 
[0 0 151 *^P^»i±iE#tt(:iig^'^i^tbfct.OTT?. 

[0 0 16] 

20 [^fflSr^R-rSfc*©#S] if^^llEmro^PJtt, 
$Jxfc||l«mS<^¥J»«^g±l-MOS hyv-i^:^^?-^^ 

30 [0017] It*^ 2 iS«cD^0^J4. t»*3B 1 |E«©^ 

[0 0 18] n^m3nsM<Dmmi±. w*3SiiE«gto^ 

[0 0 19] it*3g4fa«<D^P^(4. if*:^13l(4 2{c 

40 -Krogf-^ffidS. HulBMO Shy Vv*;^ ^ (D K >S^-& 
ffi J: t) HfrfEffi jg*^^flsS*gtci£v ^ t :l 5 {c#:£-t-5 r. 

[0 0 2 0] ?e-oT.. *^P^^:l'e^5^^fls:i^B^c:*3^^T 

. KW^-a-ffEtiiromt^^d-bTfiv P${^Sj5ESr 

±(D«jE}-M,bTIIM:^i^]«pSr4l:- ^ J: 9 ^-y-:^ 
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[0 0 2 1 ] z.(Di.bK. nnt^hmvi-^h,^^-'y\z. 

l!)Srer.i-cDSrl5?C«ii^ ^-rSc 
[0 0 2 2] 

m-efeSo fcfcL. 01 otc7j^-rtt&*co^^fl^gBi;iii 

+ MS«l±(-^n>'-y:!3±;6Si9ffl^3S::^^LTP[>:t 
/V 2 ;6SK»t fctT., * y - K«R^ 8 i: p 19 ±^5 

OS h7Vv';5^i?) ;ii5jp$^$ixTV^5o -Sfcx 

tt. {g:ffiet^b5riaSfc>!)(O^M->-y Kl 0;iSJi^^$ 

[00 2 3] la 2 tt. El {C,T%-r^*fls^B«S!i]^Xg 

>9±;6Si9^^3?r:/M.TP'J'3i/v2$r|S:it5o :ir<*:6*)tc: 
tt. P- /P+ S«±Jc^:^->-aA»cJ: ») P'>3i/W2Sr 

(I2|2(D (a) ) , 7;*- h U-v';?^ h (PR) 2 0 

?r-r ^ ^ t LTNM^^!fe)'r :^>'^'< :^>'&.A-ti ^ t 
{c:J;i9N+ :fyy-Vmi$,8^]^^-r^ m2(D 

(b) ) c 

[0 0 24] ^kid. y- 5 -7;^ 

2 l$r-^;^:5't-rS3^i/5^Vi^{Cj;!5F*9^h7>'v?>^^5' 
CD-Jr- M;@6CD/-^iS'- = >'i/S:tT5 (El 2 (D 

(c) ) „ ^(D^. <ck^(D^mKX<o . mmm^tm?^ 

fcfe(0'i'^>'aA»4N^ :*y- K^^fctJSi- (I212(0 

(d) ) „ ^-cDft. <2ktooft^«lcJ;?), ->y3x©^B 
t;i^JR->y f-'f K l OSr?f0^b, 0 1 (::^i-TlffiSra^ 

[0 0 2 5] 0 3sr;5gi4(i, mi\'^^n^mm^^ 



(4) 

[00 2 6] 03 »4A;'3^SllH!?SSr^-t-0-efo , Atl 

t rtasiEii^ t (Df^^immB^m^my^ k 3 s 

ty- HMPSay-f ^- K3 6. 3 7 t;is^igc$^^-cv^ 
?>o -(SlfffSf mSI^/-r K 3 5 »4. A;^)JSi^{-* y 
-K;55, GNDtrr/- K;65^j^$ixS, *y 
-K*^6)(4ffifet3 8i::ft-vUm. PWn>2^(nm.(of— 
h^j^S^-r:r-K3 6, 3 7(;::S)K$tb5. rw2o 

(Of- Y mmmf^-f k 3 e . 37 itm^i^hmm ^ 

10 t^/T^/^5^Sil*^^T-fe<9. S{cffi^3 9Sr:n'LTrtgl5[sl 

[0 0 2 7] 04Ha;^{^SIiIKSr^-r0T'fc?). til;^ 
h 7 ^T40. T41t m;^^^- i: (Dm\^i&m& 
K4 O;05^tt?5^lTVNS. m;^3h7>' 

i^;^^5'T4 0, T4 IWKWVtC^y— Kii5, GND 

{cry- K^S^!gc$^xTV^5o 
[0028] 05 LSI (Df"s/:/F*1(-*3»t?){6Wffi 

(PAD) 5 0«i-Crt^M{C, '(SBJE^m{S^i5^-r 
20 K?f^fiS;ffi^ 5 1 §r^(t . ^TcoAtil;^/-^ :7 r wteWJE 

rt{|ij*5|^g|53iy T5 2i:/j:5„ rt^C^i y T 5 2 I;if4. A 

:b^< y7 7 (D^^\tm 3 };i*-f V%mm.¥4 is— K 
irtgB[HiK;ei5gaj$tu. m;^^<-;'7T<b®-a-0 4t;i^-r 

[0029] ^fe}::. Hi ©||JS?l^ffiJC-»5itS^^frii«cD 
■!^-v;'^C*|•i-S^*Ktllf^^-o^^-C0 3, 04Sr#RS.u-c 
$ bf^ff^*ffll-Ift§^-r5o 0 3 »;:^^-rA;^<*^laISS{;i4b'VN 
30 T(4. A;^^S^^i-f— v'/!l5pp^IP$^^5i. 

SliS^-r K 3 5 (C i tj hffl^^^-r K 3 6 . 
3 7;J5fp^ipf— v^d-biS^M^tb. lElC<S»iEil^mi!fem^ 
-l* K 3 5 t y- hffltBHa^-f K 3 6 , 3 7 (O^ 

ffi^spp^ip^nfc^, * y - K-ry - kw^se-^wje 

mil^-Y K 3 5 Sra UT^SS^'ie P+ WMS.^'^ 
[00 30] ffiWJEf^m^SI^'f K 3 5 y- K 

40 -ry- KPHl©S^;^i^^i-^i»JEf4, h^^kMcoit/E 

3 6, 3 7cD'>-'- h^'fbJ^t^{Mffi/!)^fcaA^ix5^-^'- 
v'aSr^aj^-t-'Sr t^5T?^5„ Cltulci!?, 'i^'-hftiJW 
K 3 6 . 3 7 (Drt§piH]Sgt;i^i-?)li^m»litg 

- K3 5;eiS)i|M::^[S]/-<^T;^$tt5fc*. VfE;±(73mflE 

[00 3 1] 0 4ic^-f m;^IHlK■ef4^ ttl;^)*^^»c:PPJB 
50 ^M^^-'yt^h. ■(g:»JEff^m^^'r:^-K4 0k<l; 
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3 }C*-t-»ffi#«^M^-r K 3 5 tDftf^i: 

[0 0 3 2] jiktc. ym.m\m^^^^'^^m.<ow, 1 

-t-^*frS«t?f±. ^'DV^ 1 X 1 0l9~l o20cm-3 
-^Ayfc P+ m.W§. 1 ±»C. *ffijKD 1-5X1 

t p ->3i/V2 t cDBgt;i7jf 1X1 Ol8~ 1 0 19 cm 

t)±/!i5|9tl^3(Djf:^»il . Pe'3i/W2 0 

[0 0 3 3] NM^*e^?lr 1 X 1 Ol8~i o20c 

N^:* y — KtS*K 8 5 X 1 0 19 c m-3S 

3^>'U2±tCttLDDfllSit«Ortlf|5 h^Vv';^^? (NMOS 
WJ»^tt5 nmea^T-fcSc N+ y- K^*S8 . MO 

yf-^K) 1 0;dS|S;ttb*xTl/^Sc 
[0034] El 2 lc:^i-i|^^ii#:igB»®i5tx®co 

h\cWimW^-t^o Ji^nv^l X 1 0l9~l O20cm 
-3-^A/f£P+ SSffil ±lr 1X1 0l5cm-3ma»^o 
:^Sr-^A/^c->y ='>'Sr**i2. 5 /i m^A rwt 
P+ MS«l*^t)®;*— h K-eVi!^tlSifit«tcJ; 
?);!}fDi/>£r 1 X 1 0l8~l 0 19 c m-^-^/^fc^'n v-ti: 9 

±/!i5 1) 3 /6S 1 . 5 //m@gOJ9^{;i?l^^ife^n-5o ^ 
^ii^Oft^fftCj; •9J¥$4 0 0 nmrnScOv-y 3^ 

^'^li^/!)-f3^^-5«^^^^iE'^t:M4^fl^^•f-5„ ^L-t:. 

NMOS h7>'-:^^^i:ffilSffil^«iSili/'Y:^— K 

/V25r^lt5 ([212© (a) ) „ 
[0 0 3 5] Z.<D^ -^^y'-^XS-t. :SRJSI1JE3 0 OKV. 
K— X3 X 1 0l3cm-2i, ;[in5$mffil 5 OKV. K- 
X5 X 1 0l2cm-2i:, i)PJgfl;jE3 OKV, K-X5 X 
1 0 12 c m-2(0*#T' 3 Htr 5 „ 2 Isl i oaAJiNMO 
S h^>'v?:^i5'ft^©^T-^>«ltNMOS h9>'v'>^i5'(D 

V t S:#5fcfe(c:tf5<, ^C>^I^ PMO S Vv';^c? 
Srff$^!g-r'S^^(-NMcD^*fiife!Sr-< :t->'aA UTN '^'3:• 
2 0(Dy^-$'—=-yi^^^^^. 7;^- h^v?^ b- 2 0 ^-=<';^ 



^J^j^-r^ (11120 (b) ) o. 

[003 6] y VjiAtt^ APJimffilMV. K-X5X 
1 Ol4~i X 1 0l5cm-2i:, Jp3SmjE3 OOKV. K 
-X5 X 1 Ol4cm-2t. *PiimjC7 OKV. K-Xl 
X 1 0 14 c m-2©#^#T' 3.[l]tT 5 o A^JK^aAti-fSlE 

[5] g 1 3 0 g ©aA(iN+ * y- vm^ 8 sr V y 3 
ffi*-e<&ffi^ic?i#mi-fc:«)titT5o 8 5 ox: 

10 ~9 0 0'C<^K7-^'>^-r>{-J:i?i@fBl4OIa]«t^*fi#) 
m<Dy~ hm^tm5i:m^Ltc'ik. $ 2 0 0 n 

[0 0 3 7] -^tLT/^^?— ::^>'^/^tufci-7;^i^t^2 1 
T;:^^i:-t-Src.y'9^v^^lJ:J;t)MOS i^v';^i?w-ir' 
-h«®6$rAPIt-6 (I112(^ (c) ) „ rt^Jh^Vi? 

0ijx.fi 0. 1 5 At mmSt^APXi- 

T L D DlSit© h y V v?;^ ^ © y — • K W ^^ffl^Sr 
20 mi^-r^o NMOS hyi^v^^^tC^tLT. t 

^SrAPjta;JBE2 OKV, K-Xi2 X l 0l3 c 
^-C-r^rvaAUfc^^ ^ffi{C6 0 nmSSoSe-fk^?: 

ff^^^tb^o NMOS h7Vv';^;5'i<£jifflEtt 

l/N. N+ SDffl^9?rJi?^1-5 (|112(D (d) ) c 
[0 0 3 8] t*(D-Y>ri^?iAI4. *PJimffi4 0KV, 
K— Xil~5 X 1 0l5cm-2rci^Ht?=fT5o -^rWI^^ 
PMOS hy Vv^x^WP-^ SD^J^ (^0^) Sr^Kci 
30 i^o^f ^e-vaAt-J: f??F^^i-S, rcD'r:e-:^iiA«x *P 
JSm/ElOKVS*, K-X1:1 ~5 X 1 0l5cm-2T' 

$2 OnmSSW^JRv-y-y-'f K (Cov-yf-'l' K) 1 
Al Cu*^fe^5gS«^m^Sl 3(Dmi^t^<^ — ^>' 

[0 0 3-9]^t^oT. r(DmioilJ£Jl^ffif-J;tb(i. i?" 
}c J; !9 ^'l' ^- KD tril LTf'-V - '^^i&m 

/iP+ MStsiiciiiiK^s-iT- tiisx-tSo -:^A(0-y— 

fcfc, V f e/,±(^)m]BE(c>itL.TJiH:^r6]mi)itSr?fc-t-:ii:i- 
J; t) f-^-v=SrP^-.SS^.,l {C3g;i5-tr- i ;65T'^ 5o 
[ 0 0 4 0 1. iJJclC . #^0J.{C#;5 2 OH 

50 2<DmmW:t$<Dmmmixh^\ tctci-. miic^-r^i- 
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•5 ±^5 (3 3 5::^^- LT P '?:3i/v 2 ;is^{t ^ixT V-'So 
[0 0 4 1] ^/c. P •>3i/U2 4^tCP+ T/— Kfi^El 

4 hti. N+ * y- Kffl^ 8 t p+ ry - 

1 4©MXMSlifffiS^««M^^-rji— KD;65jf^^$H. P 
^^3i/U2±t;irtS|5 h^>'v'^<5'T (m^'-ett, NMOS 

KDO^-a-ilffiH. LS I©^3g^J:>9(±ffl<. rt^fB 
[0042] E17f±. 1216 tC.T^-t-i#^^^ig«<D:^itI® 

srs^i-»fEia-cfc-5o mi<r)mmmmtmm\^. p^s 

1 ±JC7K n 19 ±;6S 19 fR« 3 Sr^ bX P l^J^/V 2 
m^S6(D^-«c5'- = i^^Sr^T5 (070 (a) ) „ -tO 

h U'yT. h 2 3 Sr-^;^^ i:•t-5^i^cI>'CD'f';a-VjiA^- 
J. K) p+ 7- / _ 1 4 mi<0 

(b) ) o 

[0 0 4 31 ^-LT, N+ SDtg^9^l:?i^fifei-?)fc*<0 

(c) ) „ ^<D^^. ^*nrc)g£^fflcj;i5, v^y^Vcrj^H 

[0 0 44] tifoT. rro^2ro|lifeff$^t?fc5^«*|s: 
iSa^rfflV^-Ct,, |213~|ll5J;i^-rJ;9'^<CAtil;0lH]SSSr 

[0 0 4 5] mc. :^?tm\m^^mi^^m.(om2(Dm 

-h»-s P !>3^/l'2;5i5^ttfen. P+MStel 
t P ^7 2 t cDFfltc:^" p I? ±d5 9 fgJ^ 3 t^^^-t 

#ffl^©^i^#/}@«st^J¥$ ttia 1 J-^-m 1 

l/\ PSy^M#J<^ 1 X 1 0l8~i 0l9c ra-3-^A/ 

fc'P+ ry-K^^El 4/ii5*!'n>'-St)±*5i9^j^3(-g| 
■f-S J; 5t-lSftbn. P^- T/-K«g^i 44'};it^Sr 

1X1 o20~i 021 cm-%Ayf£N+ :*y— Kffi®8d5 



(6) 

[0046] N+ ;&y- 8 i P+ T y — 1 

©jg:^[6]lfff(4 4 vmST*fe^„ -:*r, P'?ji/i'2±{c 

iiLDDmT^<D\H^h7y'y'y^-$' (NMO S h 7 V-v^;^ 
5nma*Tfc2>. N+ ;&y-K^^8; MO S hv>' 

10 ^ K) 1 0;65^^t6>^^T^^■5» 

[0 0 4 7] m7K7^ir^2(DmMmm\^^i>^ 
^mi^'mw.i^^^^x^h\cmmi^mmi-^o fcfcu. la 

|WHt»>:. P+ Sa^lifcixy =.v5r^ft^I. ->y=iv 
^^k^;^|^^'tc5^^^5)•S^^^liM4 ?^jl^fi8;L. p ji/i'2 

- heS-ftSI 5 Vtc'ik. ±miizm^ 2 0 0 n m@« 

^— ^>'^^ixfc-^;^i?t^2 1 Sr-^;^^ t-f-Saiy^v 

m7(0 (a) ) „ rtgC h7>-v'>^^<7)y- hftfi. 
;?L(i0. 1 5 ;im®^fCjqii-5o 

[0 0 4 8] ^(D'ik. <2;^cDSt!p}v:J;i9, 'faJiS^^k^7 
SrflJffl LT L D DlS3t<^ h 7 V v?;^ y • K u-r 
vtS*^*fl^^i-5o NMOS h7>'v'^i5'fcS* 

30 LT. t^S:APj$mJE2 OKV, K— X*2X10l3c 
m-2(D^#-T?-Y ViiA Lfc^t> ^ffi(-6 0 nm@S(D 

m'^tm^^^L-x^-y^y'^'y^irh, zinKX'ommm 

^:i--5^K~P>'C0^:^V^iA^-J:^)^ {SlfJEf^liiSS 
y-Y Ki£r?^fia-t-5ffl^fc P+ T / - Kffi^ 1 4 ^ff^ 
^-rS (1117 CD (b) ) o #n:/(73^:r>'?iA(±. Jn3S 
mjE3 0 0KV. K— Xl:5 X 1 0140 111-2 Jpjgfl; 
JE12 0KV, K— X4l~5 X 1 0l4cin-2cD^#t? 
tT5 (III7W (c) ) „ 
40 [0 0 4 9]-tO^^x 8 5 0~9 0 O'Cro K^'I'T'-I' 

tc, NMOS h7i^v';^i5' t^SWffi^miS^^l':^- K 
Sr-^tfffl^l-t:mW'<:^>'aASrtTV\ N+ SD^^9 
i:N+ :^y-V'mi^St:Wm-r^ (1117© (c) ) o f 
^rvj^AH, All5Smffi4 0 K V, K— :^fi 1—5X10 
15cm-2(D^H-C?TP„ ^Wf^, PMOSt-^i^v'X^ 
CCIP+ SD^JlE (^m*) Srd^D V(0'l';rvaA('J:!9 

[0 0 5 0] r. CD^ n ^/CD'I' ;r>-jiA(4. JDj^mjI 1 0 
50 KVSS. K— X»l~5xi0l5cm~2-efl5o ^© 
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@S<D^JR v- y K (C o V y i^--!' K) 10 

[0 0 5 1 ] z(Dm2(Dm:mmm\^ts\,-^xn. mm<Dm 

[00 5 2] 

[00 5 3] Mx.fi. Mos h'7>"J':^d'<Dff— vmt 
-So «?!Sfl;JE2. 5 V-eroib^S:^3£-r5i:, 2. 5V 

i-5:ii:J-J;t). «;ilxLtf4 v-ejS**[6]|^{^SrJb'ri-<J: 5 
[0 0 5 4] ^fc. 'fSffifet^iS^^rffll^^TV^Sfci*, ^ 

[0 0 5 5] '^%<D^m^wm.w\^^-<x^mm 



(7) 

12 

[IIlffi©ffi*^£tttPJ] 

[0 1 ] im.m^^^'^^^'i^^m.fr)^ i omMmm<Dm 

[1115] ;*:%eq{cHS5^»^^«<^L S I rtfi5tc:*3tt-5 

[El 6 1 ^^mi^i^^^m-i^mmo^m 2 ©^jsji^flgroig 

[El 7] m6\cmir^m»W^<oni^i:U^7ikirmmm 
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